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Abstract 

With the increased emphasis on aircraft safety, enhanced performance and affordability, 
and the need to reduce the environmental impact of aircraft, there are many new 
challenges being faced by the designers of aircraft propulsion systems. The Controls and 
Dynamics Branch (CDB) at NASA (National Aeronautics and Space Administration) 
Glenn Research Center (GRC) in Cleveland, Ohio, is leading and participating in various 
projects in partnership with other organizations within GRC and across NASA, the U.S. 
aerospace industry, and academia to develop advanced controls and health management 
technologies that will help meet these challenges through the concept of Intelligent 
Propulsion Systems. This presentation describes the current CDB activities in support of 
the NASA Aeronautics Research Mission, with an emphasis on activities under the 
Integrated Vehicle Health Management (IVHM) and Integrated Resilient Aircraft Control 
(IRAC) projects of the Aviation Safety Program. Under IVHM, CDB focus is on 
developing advanced techniques for monitoring the health of the aircraft engine gas path 
with a focus on reliable and early detection of sensor, actuator and engine component 
faults. Under IRAC, CDB focus is on developing adaptive engine control technologies 
which will increase the probability of survival of aircraft in the presence of damage to 
flight control surfaces or to one or more engines. The technology development plans are 
described as well as results from recent research accomplishments. 
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intelligent Propulsion Systems - Controll System perspective 

Multifold increase in propulsion system Affordability, Safety, 
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NASA Aeronautics’ Program Structure 
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Controls & Dynamics Branch Overview 
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Gas Path Analysis Engine Fault isolation Approach 
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Model-Based Controls and Diagnostics 
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Simulation Case: 1.5% XN25 Sensor Bias Injected at 30 Seconds 



Enhanced Bank of Kalman Filters for Sensor Fault Detection 
(Application to an Aircraft Engine Simulation) 

Monte Carlo simulation studies were performed to evaluate the system’s 
robustness to various combinations of component and actuator faults 
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Benefit: On-line algorithm maintains its diagnostic effectiveness 
while the engine continues to degrade over time 
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Data Fusion for Propulsion Health Management 
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Engine Diagnostic Data / Information Fusion 

(Applied to Pratt & Whitney F1 17 Engine - Cl 7 Aircraft) 




Glenn Research Center 
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Algorithmic Fusion for Extended Gas Path Analysis Capability 
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Engine Health Management Industry Review 

EHM R&D activities have significantly increased in recent years 
However due to the use of different terminologies, metrics, and 
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Engine Health Management Industry Review 

Approach 

1. Theme problems: Relevant 

problems constructed from 3 . Eva | uation Metrics: 
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Diagnostic requirements present results 

System analytical information • Proceedings published 

Development & validation datasets 
Blind-test cases 
Example solutions 





Autonomous Propulsion System Technology 

Reduce/Eliminate human dependency in the control and operation of 

the propulsion system i 




E 

o 

0 

> 

(/) 


CD 

C 


c 

o 

E 

E 

0 

0 

if) 


if) 

C 


i * 

o 


1. C 


03 

_c 

"-I— * 

CL 

03 

"O 

03 


03 

O 

O 

BE 

03 Q 

CD £ 
CL 

S 2 

73 CO 

±Z -4— ' 

^ CD 

2 cd 
sz 

I? 

CD CD 

0 

if) 

03 
C 

'if) 

o 

if) 
0 
O 

i_ 

o 
o 
0 


o o 


if) 

0 

C 

E 

o 

O 




■o 

c 

0 0 

E c 
0 0 

-0 E 

if) o 

-I— » ^ 

c 0 

0 CL 

il 

0 if) 
C 

0 CO 


0 

O 

0 

> 


0 

> 

O 

0 

N 


£ E 


CL 

o 

o 


if) 

0 
-4— » 

0 

il 

I Q 

E 

o __ 
O D) 


o 


0 ) 

c 

0 

o 

o 

1— 

0 

0 

0 

0 

q: 


0 

CD 


0 ) 

Ll 

CO 

5 

0 

_i 


O 

§ 

pq 

0 

O 


0 

Q 

§ 

0 

o 

£ 

C 

o 

U 






intelligent Retrofit Architecture 

To/From Mission Manager T 
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Retrofit Architecture - Steady State Evaluation 
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JRAC - Resilient Propulsion Control 
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Typical Engine Protection Limits 
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Thrust vs Life Trade- c 
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